The aim of this study was to assess the chemical and biological profile of propolis samples collected in arid environments of north-western Argentina. The samples were from two phytogeographical regions (Prepuna and Monte de Catamarca Province). Propolis ethanolic extracts (PEE) and chloroform (CHL), hexane (HEX) and aqueous (AQ) sub-extracts of samples from three regions (CAT-I; CAT-II and CAT-III) were obtained. All PEE exhibited antioxidant activity in the DPPH radical scavenging assay (SC 50 values between 28 and 43 µg DW/mL). The CHL extract was the most active (SC 50 values between 10 and 37 µg DW/mL). The antioxidant activity in the -carotene bleaching assays was more effective for PEE and CHL (IC 50 values between 2 and 9 µg DW/mL, respectively). A similar pattern was observed for antibacterial activity. The highest inhibitory effect on the growth of human Gram-positive bacteria was observed for CHL-III and CHL-I (Monte region) with minimal inhibitory concentration values (MIC 100 ) of 50 to 100 µg DW/mL. Nine compounds were identified by HPLC-PAD. Two of them (2', 4'-dihydroxychalcone and 2',4'-dihydroxy 3'-methoxychalcone) were found only in propolis samples from the Monte phytogeographical region. We consider that the Argentine arid region is appropriate to place hives in order to obtain propolis of excellent quality because the dominant life forms in that environment are shrubby species that produce resinous exudates with a high content of chalcones, flavones and flavonols.
Propolis is a hive material produced by bees (Apis mellifera). They collect resin from buds and shoots of various trees and plants and then combine it with salivary secretions [1] . Bees use this material to seal cracks, and coat the walls of the hive to create a protective barrier against intruders and infective agents [2] . A large number of scientific studies have shown that propolis chemical composition is associated with the local surrounding flora. Hence, the chemical composition of propolis depends on the location of the hive [1,3a] . Bankova et al. [4] classified propolis into two groups: temperate and subtropical. Propolis from tropical regions, like Brazil (green propolis), Venezuela and Cuba, has prenylated p-coumaric acids, diterpenes and prenylated benzophenones as bioactive compounds [5] and its flavonoid content is very low. Propolis from temperate regions, like that containing poplars and birches, has other bioactive compounds: flavonoids, flavanones, flavones, phenolic acids, and their esters [5] .
Argentina shows a great biodiversity and at least four climate types: temperate, arid, tropical and cold or their combinations. The arid climate includes Puna, Andes (Catamarca, La Rioja and San Juan provinces), the pre-Andean area, the extra-Andean Patagonia and the phytogeographic regions of Monte and Prepuna ( Figure 1 ) [6a,b] . The most characteristic plant community of the Monte phytogeographical region is the "jarillal" with Larrea divaricata and L. cuneifolia as predominant species. Other important plant species in this region are the "algarrobales" of Prosopis flexuosa and P. chilensis, and xerophytic shrubs. Jarilla (L. divaricata), retama (Bulnesia retama) and pus-pus (Z. punctata) are shrubs that grow in the Monte and Prepuna regions. Plants from arid regions synthesize many chemical compounds (phenolic compounds as flavonoids) that allow them to survive and endure adverse The aim of this paper was to study the biological activity and preliminary chemical composition of propolis from two arid climate regions. Thus, we studied the activity of propolis samples from Catamarca against antibiotic-resistant human pathogenic bacteria and analyzed free radical scavenging activity using a standardized international methodology. The phenolic content and biological activities of propolis extracts obtained from two phytogeographic regions in Catamarca province, Argentina were examined. Table 1 shows the collection sites, total polyphenol and flavonoid content of PEE, HEX, CHL and AQ sub-extracts. The content of polyphenols for all PEE (282.1 to 321.0 mg GAE/g propolis) was similar to that previously reported for north-western Argentine propolis ( Table 2 ). These results are coincident with those of poplar or birch propolis from temperate regions of Europe and Asia, with a predominance of phenolic compounds [5] . The highest polyphenolic content was observed in the chloroform sub-extract, with values between 162.0 and 273.8 mg GAE/g propolis.
The chemical profile by TLC-NP/PEG and HPLC-PAD showed slight differences between PEE from Monte region (CAT-I and CAT-III) samples and those of the Prepuna region (CAT-II).
Nine compounds were identified in the PEE: pinobanksin, 7-hydroxyflavanone, 3,7-dihydroxy 8-methoxyflavone, chrysin, 5-hydroxy 7methoxyflavanone, 3,5-dihydroxy 7,8-dimethoxy-flavone, 2'4'dihydroxychalcone, 2',4'-dihydroxy 3'-methoxy-chalcone, and 7hydroxy 8-methoxyflavanone. One compound was undetermined.
Two chalcones (2', 4'-dihydroxychalcone and 2', 4'-dihydroxy 3'methoxychalcone) were detected only in propolis samples from Monte region. These compounds were also recognized in propolis from Amaicha del Valle, Tucumán and in Zuccagnia punctata, a perennial shrub that grows between 700 and 2700 m.a.s.l. in Argentinean arid regions (Salta, San Luis, San Juan, (Table  1) . Propolis extracts from CAT-I and CAT-III showed a higher activity against Gram-positive bacteria than CAT-II extract. CAT-I was the most active against the tested Gram-negative bacteria. CHL-I and CHL-III sub-extracts were more active against S. aureus and E. faecalis with MIC values between 50 and 75 g DW/mL and 100 g DW/mL, respectively (Table 3) . 
Propolis extracts preparation:
Raw propolis samples (2 g) were cut into small pieces and extracted with 20 mL of 80% ethanol using an ultrasonic processor (30 min, 80w potency). The extractions were centrifuged for 20 mins at 9000 g in a refrigerated centrifuge (Sorvall RC50) and the supernatant was separated. Successive extractions of the residue were made to complete a final volume of 100 mL (labeled propolis ethanolic extract PEE). This extract was subjected to liquid-liquid extraction. Hexane (HEX), chloroform (CHL), and aqueous sub-extracts (AQ) were obtained. Each extract and sub-extract was dried by evaporation under vacuum at 50ºC. Extraction yields (% w/w) are given in Table 4 . The dry extracts were dissolved in either methanol or dimethyl sulphoxide (DMSO) to prepare the stock solutions used for all determinations. Total phenolic content: This was determined using the Folin-Ciocalteu (F-C) reagent [11] . Total phenolic content was expressed as mg of gallic acid equivalents (GAE)/g propolis.
Total flavonoid content determination: Total flavonoid contents in the extracts and sub-extracts were determined [12] . The results were expressed as g of quercetin equivalent (QE)/propolis.
Chemical profile by HPLC:
PEE samples were dissolved in methanol (2 mg DW/mL) and filtered through a 0.45 µm nylon filter (Biopore, Germany) prior to injection of 20 µL. The HPLC analysis was performed using a Waters HPLC system with PDA detection equipped with a Bridge C-18 column (250 mm x 4.6 mm i.d., 5 μm). A binary gradient elution system composed of 2 solvents (solvent A: 5% acetic acid and solvent B: methanol) was used, starting with 30% B (0-15 min), 40% (15-30 min), 50% (30-45 min), 60 (45-65 min), 75% (65-80 min), 90% (80-90 min), 100% (90-100 min), with a flow rate of 0.8mL/min. Detection was carried out from 200 to 400 nm. The chromatograms were extracted at 268 nm and identification was made by comparison of retention times and UV spectral data with commercial standards and compounds obtained by Vera et al.
[8c].
